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Secondary Impacts

• The presence of contaminants in 
groundwater, resulting from a discharge of 
organic waste, that are not detected in the 
wastewater itself.

• Primarily metals – Iron, Manganese, 
Arsenic.

• EDTA – Transition metals, cadmium, 
cobalt, copper, nickel, etc
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Effluent Monitoring



Groundwater Monitoring



Sand Mining



Anaerobic Bacteria

• 1987, first identification of bacteria to 
conduct Fe(III) reduction, Geobacter
metallireducens

• 1989, identify anaerobic bacteria that can 
exist in aerobic soil conditions, Geobacter
Chappelleii



Anaerobic Bacteria

• Under anaerobic conditions, grain coating Fe(III) 
oxyhydroxides, and any other metal oxides 
bound to a soil particle, are reduced and the 
mobil valence of the metal goes into solution, 
eventually leached into groundwater.

• Without another source of oxygen, metals will 
move with groundwater and the concentration 
only reduced through dispersion.



Biochemical Oxygen Demand

• Question:
• What are the key parameters, loading rate, 

soil type, moisture content, redox
potential, etc that affect the potential for 
mobilizing metals.



Lab Column Study
• BOD Loading Discharge Mn Fe
• (lb/ac/day) (gal/ac/day) mg/L mg/L

____________________________________________________________
• Sand
• 0 11,700 0 0
• 25 2,300 0 0
• 75 7,000 0 0
• 125 11,700 0.67 8.58

• Loamy Sand
• 0 11,700 0 0
• 25 2,300 0 0
• 75 7,000 0.05 0.02
• 125 11,700 0.45 3.92

• Clay Loam
• 0 11,700 0 0
• 25 2,300 0 0.57
• 75 7,000 0.03 0.06
• 125 11,700 0.36 0.45



MSU Soil Columns for Assimilation Capacity Study



Sensors in MSU Soil Columns





Aerated Lagoon



Anaerobic Digester



EDTA

• Ethylene diamine tetraacetic Acid
• (HO2CCH2)2NCH2CH2N(CH2CO2H)2. 
• Metal chelating agent, used to remove scale 

from pipes
• Under anaerobic conditions, primarily chelates

with iron and manganese
• In the presence of limited oxygen, edge of 

contamination plume, will bind with metals such 
as cadmium, chromium, cobalt, nickel, etc 
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